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Abstract 
In recent years, the attention focused on the study of BRT systems has been growing significantly since they improve mobility 
without underestimating sustainable mobility issues. First, an overview of literature on the available analytic models for 
performances analysis of BRT systems had been carried out. Then, a new dynamic microsimulation model has been 
implemented by Arena Rockwell Software to simulate and evaluate different BRT systems configurations. Validation is done 
achieving a comparison between model’s results and those obtained by an analytic model. Finally, the model has been applied 
in a real-life case study for a new BRT line in Rome. 
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1. Introduction 
This paper focuses on sharing the status of currently available models for BRT systems performance analysis 
and aims to propose an innovative microsimulation model as useful decision support tool to design and 
implementing the transport service. 
According to the BRT Implementation Guidelines from Federal Transit Administration (FTA), BRT system is 
defined as a “flexible, high performance rapid transit mode that combines a variety of physical, operating and 
system elements into a permanently integrated system with a quality image and unique identity”. (Levinson, H., et 
al., 2003: Volume 1). This definition underlines the BRT’s flexibility and the wide variety of applications, each 
one tailored to a particular set of travel markets and physical environments. In brief, BRT is an integrated rubber-
tired system of facilities, services, and amenities that collectively improves the speed, reliability, and identity of 
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bus transit with potentially lower capital and operating costs. Generally, most important planning and operating 
features relates to dedicated running ways, attractive stations and bus stops, high frequency service and 
commercial speeds, technical equipment and technological systems. These features characterize BRT systems as 
the high capacity and level of service and can be adapted to every urban contest making BRT systems attractive 
for customers. Furthermore, a BRT system could be integrated with other different transport services to allow 
effectiveness and efficiency improvements. 
2. Bus Rapid Transit Systems 
As can be seen from many review, the sustainable mobility approach requires actions to reduce the need to 
travel, to encourage modal shift, to reduce trip lengths and to encourage greater efficiency in the transport system 
(Cipriani, E., et al., 2009). In such a context, the key policy objective becomes that of reasonable travel time, 
rather than travel time minimisation. Within a reasonable range of travel time values even higher than the 
minimum, people and businesses are already concerned about knowing how much time it should take to travel to 
their destination with a reasonable degree of certainty. It is the reliability of the system that is crucial (Noland, R., 
et al., 2002). Strongly linked to transport systems efficiency increasing, all the operations leading to a modal 
balancing between public and private transport need due consideration. BRT can be an extremely cost-effective 
way of providing high-quality, high performance transit (Levinson, H., et al. 2003: Volume 1). In comparison to 
other traditional transit systems and complex metro lines, BRT systems promote accessibility and could generate 
significant effects on modal distribution. BRT systems are adopted in many cities including urban areas in the 
United States, Canada, Australia, Europe and South America. Common points to most of these urban areas are 
the high population level (over 700,000 inhabitants) and the presence of a rail rapid transit. (Cipriani, E., et al., 
2009). The main features of BRT consist of dedicated running ways, attractive stations and bus stops, easy-to-
board high-capacity vehicles, off-vehicle fare collection, long distances between stops, stations appealing, 
ticketing activities outside the vehicle, ITS technologies (Automatic Vehicle Location, traveller information, 
traffic light priority systems, etc ...), and frequent all-day service (service should operate at least 16 hours each 
day, with midday headways of 15 minutes or less and peak headways of 10 minutes or less), resulting in a system 
associated with a unique image with a positive identity. Bus stops location and their mutual spacing depends on 
the urban context in which they are located and the characteristics of the transport system. It aims to find the best 
balance between accessibility to the system and commercial speed. All things considered suggest the need, in 
planning applications, to calibrate characteristics of the BRT system according to the real insertion context. For 
the analysis and optimization of these characteristics, however, considering the high number of variables requires 
a useful support tool. 
3. Service Parameters Analysis Models 
In past BRT performance analysis were shown according to different methodological approaches. Most 
studies focused on development of models able to estimate the average commercial speed of a public transport 
system. Commercial speed is one of main parameters to evaluate public transport service performance. In a BRT 
project, both traffic signal priority, vehicle technologies choice, fleet size and schedule design improve with the 
commercial speed estimation accuracy. The following are a set of available analysis models with a summary of 
their potential divided into two classification groups: 
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Tab. 1. Classification of service parameters analysis models. 
Analytical Models Simulation Models 
Aggregate Models (empirical) Macroscopic models 
Disaggregate Models (theoretical) Mesoscopic models 
 Microscopic model 
 
The starting point of a analysis through Analytical Aggregate models is to collect observation data from a real 
phenomena occurring to reach a general conclusion, more theoretical. Therefore, they aim to pass from the study 
of a particular case to a general formulation (inductive approach). Generally, the favourite functional form used 
by main models is a negative exponentials linear combination. 
Despite this methodological approach could formulate functional forms empirically checked out, it is 
important underline that these models, once calibrated, can be effectively applied only to systems with similar 
characteristics to those used for calibration. However, considering the wide variability of BRT characteristics, 
usability of such models to predict commercial speed for new BRT line may be bounded. 
Real phenomena analysis through Analytical Disaggregated models proceeds using theoretical general 
statement to reach particular outcomes (deductive approach). In the past Kicuchi et al. (1982), Montella (1994), 
as well as Cipriani et al. (2009), have developed mathematical expressions to forecast the commercial speed for a 
given BRT system, assessing the extent to which each variable involved affects the travel time. The following is 
shown how distance between stops strongly affects commercial speed as results by the numerical implementation 
of such models. 
 
 
Fig. 1. Variation of commercial speed with stop spacing for different cruise speed values (Cipriani, E., et al., 2009) 
Simulation models describe the behaviour of the system and its framework in a progressive level of 
disaggregation as the observation scale is reduced, from the use of macroscopic models to the microscopic. 
Generally, macroscopic models are used to evaluate the overall behaviour of a very complex system (eg, a 
network infrastructure) through highly aggregated indicators. Both in mesoscopic and microscopic models 
referring elements for system representation are vehicles and users. However, while the mesoscopic models 
associates behavioural rules to vehicles and users dividing them into different homogeneous groups, in the 
microscopic models such rules are assigned individually to each one independently. In this way, microsimulation 
model reproduce a virtual copy of a real system. Thus, it represent an economical and practical tool for decision 
support. Therefore, in the present study, microsimulation model is chosen the for the analysis of the service 
parameters of a single line of transport on reserved lane. 
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Fig. 2. The TRANSIMT is an analysis tool created to link BRT features to performance indicators of service. 
4. The TRANSIMT Microsimulation Model 
The following is proposed an innovative microsimulation model for BRT systems analysis developed by 
means of a discrete event simulation and automation software called ARENA. This software uses the SIMAN 
simulation language and belongs to Rockwell Automation. It allows to describe real processes through flow chart 
using a simply interface and, when the simulation runs, provides the possibility of a dynamic graphical 
representation of the simulation. Finally, it gives numerical outputs easy to post processing by an excel sheet. 
Here is presented a new analysis tool designed to link the set of specific technical characteristics of BRT systems 
with the set of their own performance indicators. It could be thought like a function that considers the first set as 
domain and the second as codomain (see Fig. 2). This tool has been named TRANSIMT (TRansit ANalysis 
SIMulation Tool). 
The overall structure of the TRANSIMT embeds and integrates both a vehicle model and a passengers model. 
The proposed model is developed to analyse BRT systems entirely on busways, without private cars interference. 
It assumes busways to be divided into homogeneous road segments. Each of them has either a bus stop or a 
traffic light in the end. The road segment has two parts: the first is determined by the difference between the total 
length of the entire segment and the braking distance, that is the second part. In the meeting point between the 
two parts the driver decides if brake or not the vehicle. The time in which it happens is called choice instant. 
Thus, the vehicle moving along a road segment can be divided into a sequence of logical phase: the travel over 
the first part, the travel over the second part, and the waiting time at the bus stop or at the traffic light (Fig. 3). 
Each phase spend a time interval to perform. Kinematic equations evaluate vehicle travel times while vehicle 
waiting times depend on operation length at bus stop or at traffic light. A Vehicle that travel along a road segment 
can describe two sort of speed-time diagram. If peak speed reached along a road segment by vehicle is lower than 
imposed speed limit, it will be triangular; otherwise, it will be trapezoid. Speed-time diagram’s shape is affected 
by different factors as the initial conditions of motion (vehicle’s initial speed), the technical characteristics of the 
vehicle (vehicle’s average acceleration and average deceleration), the possible hold-up at road segment’s end (eg 
a red traffic light or passengers alighting or boarding), the road segment’s total length, the current speed limit or 
the one imposed on the following road segment. All infrastructure elements valuated by the driver are assumed to 
fall onto his sight distance. Dwell time at bus stops includes both lost time for doors to open and close and lost 
time for passengers to alight and board. 
Instead, vehicle’s waiting time at traffic light approach ends when signal turns green. It is assumed that a bus 
stop platform allows one vehicle’s operation at a time to happen. Therefore, if the platform is already occupied 
by a vehicle, the following must wait. Alighting and boarding time has been set to one second per passenger. 
Every traffic light system is characterized by its own cycle time, divided into the green, red and yellow stages. 
An initial cycle lag time can be set for two subsequent traffic light systems. Both fixed-cycle traffic lights 
systems and traffic with priority to public transport can be simulated. Every time that a vehicle exits a route, all 
the necessary data to reconstruct its movements are stored. Most critical issues of BRT system’s transport 
operations on a busway inside urban context arise at bus stops and traffic lights. Among them, infrastructure 
configurations characterized by a close sequence of traffic lights and bus stops need a special consideration. 
Literature discerns bus stops between Near-side and Far side type. The first assumes bus stop immediately prior 
to an intersection; the second assumes bus stop immediately after passing though an intersection (Fitzpatrick et 
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al., 1996). 
The TRANSIMT takes into account that these configurations may need the driver to check if the terminal 
element of the following road segment requires vehicle to stop in order to secure a sufficient braking space. In 
table 2 are described, the four different combinations of causes that may determine a stop for a near-side 
configuration and their respective speed-time diagrams. In cases A and B the stop at platform will be made in 
spite of the traffic control system’s state. On the other hand, in cases C and D the driver will behave as if the bus 
station did not exist and the state of the vehicle will be determined only by the next traffic light’s state. 
Furthermore, in the case C, the driver will check again the traffic light status while entering the next road 
segment. If this will be turned green, the driver will restart to accelerate. 
 
 
Fig. 3. The framework of vehicles transport operations. 
       
Fig. 4. (a) a near-side bus stop configuration; (b) a far-side bus stop configuration. 
The overall assessment of a transport system depends on the construction ’s price, service and maintenance 
costs as well as service’s efficiency and reliability in terms of passengers waiting and travel time. Furthermore, 
since passengers platform waiting time depends on the regularity of the service, it is influenced by a trade off 
between frequency of service and vehicles capacity. In fact, an overcrowded bus produces similar effects of a 
cancelled trip on platform passengers waiting time. However, most analysis tools evaluate average passenger 
platform waiting indirectly by bus headways available data and without analyze bus crowding. The TRANSIMT 
avoid these problems because it considers fleet size, vehicles capacity and service schedule as input of every 
BRT simulation to provide platform waiting time value of each passenger simulated. This allows to evaluate 
desired average value of waiting time directly by a post process analysis. This microsimulation model 
characterize passengers by an arrival rate at each bus stop and an Origin-Destination Matrix. It also assumes that 
passengers board on the first vehicle that allow them to carry out their destination. The proposed model allows 
also to overlap a local service (all stops) to an express service (selected stops). In this case, passengers will board 
on an express service bus only if it allows them to reach their destination or one immediately before the desired 
destination, where they will make a stopover. Otherwise passengers will wait for the first local service bus. 
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Tab. 2. Possible cases that lead a vehicle to stop at a near side stop. 
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4.1. Model’s Inputs and Outputs 
The proposed model requires as inputs all the information that define and characterize infrastructure, vehicles, 
service and demand. During the simulations, the model collects those data that allow a future post processing. 
The stored data post processing provides: Average total travel time and its variance; Average commercial speed; 
Maximum and average crowding coefficient; Time-space diagrams; Loading curves; Traffic control systems 
performance analysis; Headways distribution analysis; Average passengers platform waiting time; Classification 
of passengers platform waiting time (Normal, Excessive or Unacceptable); Average passengers commercial 
speed analysis.  
Furthermore, results reported on the paper "Evaluation Framework for Bus Rapid Transit systems 
performance," (Cipriani, E., et al., 2009) were used to validate the TRANSIMT Model. In such paper, 
performance parameters of a BRT system local service (all stops) on an infrastructure with ideal characteristics, 
characterized by a constant spacing between the stations without traffic control systems, are evaluated through 
the application of disaggregate models (see figure 5). 
Tab. 3. Inputs required by the TRANSIMT Model. 
Facilities Demand Vehicles Traffic Control 
Systems 
Service 
Progressive distances 
between each station 
stops and traffic lights 
Speed limits 
Passengers OD Matrix 
Passenger’s Arrival 
distribution in every 
Origin stop 
Average acceleration 
rate 
Average deceleration 
rate 
Capacity 
Doors opening/closing 
time 
Passengers 
alighting/boarding rate 
Type: fixed Cycle 
length or public 
transport priority 
Fixed Cycle length 
systems require: Cycle 
length, Effective red 
time, Effective green 
time, Initial phase shift, 
Initial cycle lag time 
for subsequent traffic 
light systems 
Scheduled departure 
headways 
 
Case A:
Case B:
Case C:
 Case D:
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Fig. 5: “Evaluation framework for Bus Rapid Transit systems performance” and TRANSIMT results overlap - Commercial speeds. 
Tab. 4. TRANSIMT Model random components. 
 
     
Parameter Distribution type Average Value 
Vehicle’s average acceleration rate 
Vehicle’s average deceleration rate 
Vehicle’s maximum cruise speed 
Early / Delay departure time  
Passengers arrival rate at bus stop 
Triangular    
Triangular    
Triangular    
Uniform    
Normal 
1,13 m/s/s    
2,26 m/s/s    
50 km/h    
rmax = 4 min   
the average value depends on bus stop; 
variance = 5 sec. 
5. Application of TRANSIMT Model to a Real Case in Rome: The EUR Fermi – Torrino Corridor 
5.1. The EUR Fermi – Torrino Corridor 
The outgoing path from the city centre of the EUR Fermi-Torrino corridor in Rome is chosen to verify the 
potential of the TRANSIMT model. The goal is to forecast performance parameters for different service 
programs in order to carry out a comparative evaluation. The chosen path of the EUR Fermi-Torrino corridor is 
located in the south of Rome and runs 9060 metres outgoing from the city centre entirely on busway. The 
corridor’s project provides fourteen passenger bus stops (two terminals included) and five signalized intersections 
by traffic control systems with fixed cycle. 
In the afternoon rush hour the chosen corridor route brings 1350 passengers to their destinations. This amount 
is distributed over all the accessible bus stops of the corridor route. 
5.2. Calibration of the Microsimulation Model 
Several random distributions can be related to parameters involved in transport operations. Parameters 
definitions, random distributions and average value of variables are shown in table 4. 
This analysis assumed an average acceleration rate of 1,13 m/s/s and a deceleration rate of 2,26 m/s/s. A 
random delay within 4 minutes is applied to every departure scheduled time. It means that each departure 
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deviates a variable amount of ± 2 minutes. Passengers alighting and boarding speed is assumed to be 1 
passenger/second. Two kind of vehicles are considered: buses 12 metres with capacity of 100 passengers and 
buses 18 metres with capacity of 150 passengers. 
5.3. Results 
Simulations were conducted in four different scenarios. In all scenarios, scheduled time table provides from 
EUR Fermi terminal a departures every 4 minutes on average and demand is always the same. Thus, scenarios 
differ in vehicles capacity, traffic control system regulation and number of bus passengers stations along the 
route. The “SCENARIO I” considers vehicles capacity (Cv) = 100 pax, fixed cycle length traffic light, 14 bus 
stops; the “SCENARIO II” considers vehicles capacity (Cv) = 150 pax, fixed cycle length traffic light, 14 bus 
stops; the “SCENARIO III” considers vehicles capacity (Cv) = 150 pax, fixed cycle length traffic light, 13 bus 
stops (a low demand bus stop is eliminated); the “SCENARIO IV” considers vehicles capacity (Cv) = 150 pax, 
traffic light control with priority to public transport, 14 bus stops. The simulations results analysis carries out 
performance indicators as the average vehicle’s total route travel time (
totT ) and its standard deviation ( ( )totTσ ), 
the average commercial speed (
cV ), the average load factor of vehicles during operation (α ) and their max load 
factor (
maxα ). The following are reported analysis results for all the four scenarios considered. 
Tab. 5. Performance indicators of different scenarios 
totT  (min) ( )totTσ  (sec) cV  (km/h) α maxα
SCENARIO I 19.5 78 27.8 38 % 100.0 %
SCENARIO II 20.5 104 26.5 34 % 95.3 %
SCENARIO III 20.4 97 26.7 34 % 94.7 %
SCENARIO IV 18.0 66 30.2 35 % 95.3 %
 
Taking the SCENARIO I as reference, the percentage of performance indicators variation are: 
Tab. 6. Variation of the indicators compared to SCENARIO I 
 
totT ( )totTσ cV α maxα
SCENARIO I 0 % 0 % 0 % 0 % 0%
SCENARIO II 5.1 % 33.2 % -4.8 % -10.2 % -4.7 %
SCENARIO III 4.3 % 24.4 % -4.1 % -9.6 % -5.3 %
SCENARIO IV -7.9 % -15.2 % 8.6 % -8.3 % -4.7 %
 
Headway = 4 minuti
Variation of the indicators compared to SCENARIO I
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Figure 5 shows a comparison of average passengers waiting time calculated by TRANSIMT in considered 
scenarios. It can be noted that, unlike the other cases, passengers waiting time tends to remain closer to the 
optimal value of 2 minutes if public transport priority at intersections is implemented. 
Moreover, an analysis of traffic control systems is carried out. 
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EUR Fermi - Torrino Corridor
Average passengers platform waiting time (TRANSIMT)
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Fig. 5. The comparison of average passengers waiting time calculated by TRANSIMT in considered scenarios. 
Tab. 7. Performance analysis of traffic lights on the SCENARIO I 
 S01 S02 S03 S04 S05
Cycle length (sec) 155 140 140 140 140
Effective green time (sec) 55 104 82 94 66
Effective green time divided by 
cycle length (sec) 0.35 0.74 0.59 0.67 0.47
Effective red time (sec) 100 36 58 46 74
Average wait time at stop line 
(sec) 28.8 4.2 48.8 0.0 44.8
standard deviation of waiting 
time at sop line (sec) 32.3 8.7 34.2 0.0 10.9
Average wait time at stop line / 
Effective red time  29% 12% 84% 0% 60%
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The figure above illustrates for each traffic light the instant within the cycle in which the vehicle reaches the 
intersection stop line. This diagram can be useful to determine how to modify the phase shifts between the traffic 
lights to facilitate the traffic flow. 
6. Conclusions 
Through introduction, a brief definition of BRT system concept has been done and an insertion within the 
paradigm of Sustainable Mobility has been carried out. Furthermore, a summary of main features of BRT 
systems has been provided and a comparison between American and European BRT system concept has been 
done. Than, an overview of service parameter analysis available models has been done. Thus, as an answer to 
planners needs, a new microsimulation model, called TRANSIMT, is presented to allow transit analysis. The 
main features of this model are presented with regard to the simulation model of facility, vehicles, bus stop 
configurations, traffic light controls and passengers. Than a description of main input and output is done. A 
validation procedure is carried out by comparing proposed model’s results with those of a disaggregated BRT 
analysis model. Finally the model is applied to evaluate performance parameters of a real BRT corridor in Rome. 
The present model did not permit analysis of BRT services on mixed lane but only on busway, without 
interference with private traffic. However, inasmuch as wide range of variables involved shows the importance of 
an analysis tool for such systems, it is possible to suggest useful transportation predictions about the functionality 
of the system through the use of this microsimulation model for different infrastructure and service 
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configurations. Furthermore, even though the TRANSIMT doesn’t provide the best design solution for the 
infrastructure or service, it facilitates the comparison of those possible and affords decision makers some 
performance indicators to chose the best system solution. So the proposed model can help management measure 
service quality and evaluate investments that improve service reliability. 
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